This paper presents the conceptual design of tools integration for the dynamic creation of sound level distribution maps (acoustic maps) in a production hall with an employee position identification system. This solution allows for managing the working time of employees in a zone designated as dangerous. At the same time, it could eliminate the need to use personal dosimeters that do not accurately assess actual exposure to noise. The proposed method allows us to estimate the uncertainty assessment of human exposure to noise. Moreover, a large part of the solution is based on tools that do not require incurring licensing costs. The system is about to keep the simulation data of sound level distribution (acoustic maps) and time location of the employee in the database. The concept assumes the unification of a data storage system so that it could be possible to present it in any GIS system.
Introduction
Machines and devices that perform technological processes are the main noise sources in a work environment. Time limits in which the employee may be subjected to work environment noise are precisely defined by standards (PN-N-01307 Noise: Noise limit values in the workplace; requirements for measurement). This is a very important issue to ensure safe working conditions [1, 2] . At the same time, it could cause some logistical complications, such as the need to reduce work-time or the strict planning of scheduling changes. Therefore, it would be advantageous to develop a precise solution that would enable the reduction of financial losses, better management, and sufficient employee protection [3, 4] .
Exceeding permissible sound levels in the workplace can result in undesired adverse impacts on the human body. Knowledge of the parameters of noise occurring in the work environment is the basis not only for risk assessment, but most of all allows us to take action to counter these effects.
Noise in a work environment is characterized by: -The level of noise exposure for an 8-hour workday with a corresponding daily exposure or level of noise exposure for a week of work with corresponding weekly exposure (particularly in the case of noise affecting the human body in an unequal manner on a daily basis).
-The maximum A-weighting sound level.
-The peak C-weighting sound level. The level of noise exposure is referring to an 8-hour workday. Equivalent A-weighting noise level is the value used regarding the assessment of exposure to time-varying noise. This value is treated as an A-weighting sound level of a stationary noise that works for the same time as the noise of varying sound pressure levels. The peak C-weighting sound level is the maximum value of the instantaneous value of C-weighting sound level. These values are used to evaluate short-term and impulse noises with high levels. The specified values of noise are obligatory for all workers. In practice, it often happens that an employee is subjected to different levels of noise exposure while performing normal activities in a production hall. In this article the authors mainly focus on the impact of noise on the employee.
On the basis of the results of the measurement of noise, the employer is required to assess the risk arising from exposure of workers to noise resulting from the features of the workplace and with the resources or work processes use in the specific conditions. This evaluation can be done in two ways: -Doing the measurements at the workplace in accordance with the standard (PN-ISO 9612: 2004 Acoustics; guidelines for the measurement and assessment of noise exposure in the workplace) lasting the full number of hours according to the shifts cycle; precise sound level meters are used for this purpose (PN-79/T-06460 Sound Level Meters). -Performing an assessment on the basis of a personal dosimeter; the noise dosimeter is a personal meter of exposure to noise that complies with the requirements of PN-EN 61252 standard; it is designed to measure the dose of noise that the employee receives within a specified working time.
Based on these observations and the following formula, we can determine work time at the workplace:
…where L EX,8h is the level of daily exposure to workplace normalized to eight hours, in dB; L Aeqsr is the average noise level, in dB; and T e is the effective time of exposure.
[5] presents exemplary results with measurements using a sound level meter (Table 1 ) and a dosimeter for five employees ( Table 2 ).
The presented example illustrates a situation when at several workplaces there are significant noise overruns in relation to the limit of 85 dB. Much more accurate information was obtained in the course of the measurement with the use of a dosimeter. By analyzing both cases, the conclusion is that these types of measurements are timeconsuming and costly.
Also, when we would like to analyze a large number of employees in relation not to just one shift but to continuous monitoring, the cost would be greatly increased. Therefore, we propose a different approach based on acoustic maps created in an application to simulate the acoustic field distribution in the analyzed area.
The Proposal Solution
Existing evaluation methods of noise exposure do not allow for an assessment of the dynamic changes in the work environment, as has been shown in the section above. The evaluation is done once and is valid for a period of one year. It is often referenced is the worst variant, which is the effect of noise on the human body in the case of the acoustic impact on all sources. The question is: what if you turn off a given section of the production or launch a new machine?
According to the regulation of the minister, the noise measurements should be performed: -Not later than 30 days from the date of commencement of activity (results of tests and measurements shall be kept for a period of three years from the date of the last entry). -At least once a year, when the results of recently performed measurement of quantities describing the Therefore, an interesting alternative would be the possibility of a more accurate assessment of worker exposure to noise due to the dynamic change of the distribution of the acoustic field in which he or she is located. The solution can be a method that takes into account a shift in the employee's place of residence during the shift without the need of equipping each individually employee with a dosimeter. In addition, an interesting variant would be the possibility of real-time evaluation of the real amount of time of worker exposure to noise on the basis of correlations resulting from: -A dynamic creation of maps of the distribution of the acoustic field generated on the basis of the sound power of individual sound sources. -A registration of presence of an employee in the workplace and his motion on a given area. -Correlation of information in time and space in relation to maps of acoustic field distribution. This solution allows for the observation of nonstop monitoring. It allows for the possibility of better understanding the impact of the acoustic phenomena on humans in the workplace. Implementation allows for continuous observation of environmental conditions, at the same time reducing the cost of obligatory tests in the workplace. It also allows for eliminating some errors caused by, e.g., leaving a dosimeter in the zone of elevated sound levels. The final cost of the system is minimized by using freely available software under the terms of GNU General Public License (GPL) [6] .
Implementation
On the basis of these general requirements, the authors have attempted to create a system of dynamic evaluation of worker exposure to noise. For this purpose the implementation of sequential steps are listed: -Creating a computational model of an industrial hall having representation in reality (e.g., the educational hall of the University of Science and Technology), which is necessary to generate the different variants of the acoustic field distribution in a closed area. -Generating maps of acoustic field distributions for all the options of operating sound sources. -Simulation of the movement of workers in the production hall. -Indications of work options for easy identification of the type of acoustic risk. -A database system design for the registration of key parameters in assessing exposure to noise. -A study of the possibility of using the GIS systems for the demonstration phase of observation results [7] . -Searching algorithms for risk assessment on the basis of the correlation of the collected data. -Compare results with the existing methods, which will necessitate taking acoustic measurements in the workplace. The final step will be to examine of the possibility of using the resultant tool in the case of the impact of other risks on the human body, e.g., vibrations.
Stage One: Calculation Model
The creation of an industrial hall calculation model (Fig. 1) is necessary in order to generate the different variants of the acoustic field distribution in a closed area, understood as different variants of operation of machines. In the future one could introduce no-load operation modes. At this stage, such models are more than sufficient. The authors evaluated the acoustic power of each machine needed to build the model [8] . They gathered the results concerning the dimensions of the hall and the types of reflective surfaces. This information was entered into the SoundPlan7.2 (GmbH; Etzwiesenberg 15; D-71522 Backnang) calculation software [9] . The model has been characterized as follows: -Hall height 8 m; -Reflecting surface of walls is a type of lime-cement plaster; -Partition walls (walls No. 1 and 2) include lime-cement plaster as a type of reflecting surface; Lines 1, 2, 3, 3a, and 3b illustrate the communication paths marked out in the production hall. In order to show and describe the operational variants of machines, information has been collected in Table 3 . Sound field distribution maps (Figs 2-4) were generated for all variants as in Table 3 . Currently, maps are generated for an altitude of 1.7 m (above floor level). In the next stage of the research, maps will be generated for various altitudes.
In order to illustrate the performance of the system, the impact of the noise on the employee was stated based on the theoretical model. In calculations the exemplary trajectory (Fig. 2) was crossed 40 times, the 15-minute break and the 17th variant of combination of machines at work were taken into account. Exemplary results of modelled noise impact on the employee are presented in Table 4 . On the basis of the section length (as can be seen in Fig. 2 ) and time the employee needs to walk it, one can estimate equivalent sound level exposure in this section. These results obtained using the presented method should be compared with a real model. At this stage of work, it can be assumed that approximate results will be obtained with a dosimeter measurement. The example as well as literature reports [11] show great impact of short-level disturbances on long-term indexes.
Determine the Position of the Employee
Because the idea of this project is to evaluate worker exposure to pollution available in the workplace (in this case noise) without the use of personal dosimeters, it becomes necessary to appoint the exposure time of a worker to the medium. As shown in Fig. 1 , the employee may move around the various passageways, such walking from door No. 1 to door No. 2, and has a choice of two trajectories, and thus moving with the same speed will be exposed to different levels of impact. Accordingly, it is necessary to record the history of the location of a worker in the area over the course of the shift. The authors would like to attempt to exploit the RTLS system of the Ubisense Company [12] .
The system of Location and Identification in real time (RTLS) allows accurate and reliable determination of the position of objects in 2D and 3D spaces, in real time, and, most importantly, the system is dedicated to the closed areas. Its advantages are as follows: -Accuracy of 15 cm, a delay of 75 ms. -Work in closed areas and open spaces. -Reliable operation in an industrial environment.
-The ability to identify and locate any objects, in particular people. -Small size of the labels used for the location of objects.
The Database System
At this stage, it becomes necessary to correlate other information from the maps of sound level generated on the basis of observations (measurements) and the location data of the employee. For this purpose it is necessary to use database systems for collecting, processing and exposing data. Additionally, one must use the dedicated application of maps and of GEO data presentation. For this purpose the authors of this paper would like to apply the GrassGeographic Resources Analysis Support System (the GIS class system) [13] , which allows for analysis and synthesis of maps. It has extensive tools for analyzing raster and vector layers. It also enables vector network analysis. A valuable feature of this system is the ability to interact with database management systems, including MySQL and PostgreSQL. Part of the calculations related to the determination of worker exposure to noise will be carried out using the GRASS system [6, 13] . In previous works of the Authors, the GRASS program was used, inter alia, to generate acoustic maps. [14, 15] present the possibility of the using GIS to generate dynamic noise maps. In this paper, noise maps generated from influence maps and acoustic power of sound sources will permit assessment of worker exposure to noise during operation. By using layers it will be possible to present the results in a meaningful way.
PostgreSQL is an object-relational database management system. According to the manufacturer's declaration it is the most advanced database management system issued with an open source code. A valuable feature of this system is an extension called the PostGIS that allows the use of PostgreSQL as a database of geographical data. With this extension using PostgreSQL it can also perform certain operations on geographical data.
Summary and Conclusions
Our paper considers the possible use of IT tools to evaluate worker exposure to noise and other pollution in the workplace. These tools have been used more globally as strategic noise maps as well as systems for spatial information management. The authors of the article present the concept of an alternative method for assessing -different from those used previously -and present the advantages which, inter alia, are: -Accurate assessment of worker exposure to pollution of the working environment. The advantage of the proposed system is the constant acquisition of measurement data without personal dosimeter usage. The solution also allows for year-round observation of all employees in the production hall, making it possible to address the influence of several pollutants.
The final effect will be to develop a universal algorithm for risk assessment of the example of noise pollution, but with the ability to adapt to other media such as vibration, dust, electromagnetic radiation, etc.
